Experimental and theoretical supersonic lateral-directional stability characteristics of a simplified wing-body configuration with a series of vertical-tail arrangements by Sawyer, W. C. et al.
NASA Technical Paper 1878 
Experimental  and  Theoretical 
Supersonic  Lateral-Directional 
Stability  Characteristics 
of a Simplified Wing-Body 
Configuration With a Series x 
of Vertical-Tail Arrangements 
Milton Lamb, Wallace C. Sawyer, 
and James L. Thomas 
AUGUST 1981 
https://ntrs.nasa.gov/search.jsp?R=19810020557 2020-03-21T13:04:21+00:00Z
TECH LIBRARY KAFB, NM 
NASA Technical Paper 1878 
Experimental and Theoretical 
Supersonic Lateral-Directional 
Stability  Characteristics 
of a Simplified Wing-Body 
Configuration With a Series 
of Vertical-Tail Arrangements 
Milton Lamb,  Wallace C .  Sawyer, 
and James L. Thomas 
Latzgley  Research  Cerrter 
Hamptotz, Virgirtia 
National  Aeronautics 
and Space  Administration 





An expe r imen ta l  i nves t iga t ion  has  been  conduc ted  t o  p r o v i d e  a s y s t e m a t i c  
set o f  l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  d a t a  f o r  a s i m p l i f i e d  wing-body model with 
a series of v e r t i c a l - t a i l  a r r a n g e m e n t s .  The s t u d y  was made a t  Mach numbers from 
1.60 t o  2.86 a t  nominal  angles  of attack from -8O t o  12O and Reynolds number of 
8.2 X 1 O 6  per meter. Comparisons a t  ze ro  ang le  o f  a t tack have  been made w i t h  
t h r e e  e x i s t i n g  t h e o r e t i c a l  m e t h o d s  (MISLIFT - a second-order  shock  expansion  and 
panel  method;  APAS - a s l e n d e r  body  and " f i r s t  o r d e r "  panel method;  and PAN A I R  - 
a "h igher  order"  pane l  method)  and  compar isons  a t  a n g l e  o f  a t tack have  been made 
with PAN A I R .  
The results show t h a t  PAN A I R  g e n e r a l l y  p r o v i d e s  a c c u r a t e  estimates of 
t h e s e  c h a r a c t e r i s t i c s  a t  m o d e r a t e  a n g l e s  o f  a t t a c k  f o r  complete c o n f i g u r a t i o n s  
w i t h  e i t h e r  s i n g l e  or t w i n  v e r t i c a l  t a i l s .  APAS p r o v i d e s   e s t i m a t e s   f o r   c o m p l e t e  
c o n f i g u r a t i o n s   a t   z e r o   a n g l e   o f   a t t a c k .   H o w e v e r ,  MISLIFT o n l y   p r o v i d e s  es t i -  
mates f o r  t h e  s i m p l e s t  b o d y - v e r t i c a l - t a i l  c o n f i g u r a t i o n s  a t  z e r o  a n g l e  o f  
at tack. 
INTRODUCTION 
Computer codes  have  been  developed for r a p i d  a c c u r a t e  estimates o f  t h e  
a e r o d y n a m i c  c h a r a c t e r i s t i c s  o f  a i r c r a f t  a n d  missile c o n f i g u r a t i o n s  a t  s u p e r s o n i c  
speeds .  Much a t t e n t i o n   h a s   b e e n   g i v e n  t o  the   deve lopment   and   assessment   o f   these  
m e t h o d s  f o r  p r e d i c t i n g  t h e  l i f t ,  d r a g ,  a n d  p i t c h i n g - m o m e n t  c h a r a c t e r i s t i c s  o f  
complex   conf igura t ions .  Many o f   t h e s e   m e t h o d s   h a v e   t h e   c a p a b i l i t y   o f   p r e d i c t i n g  
t h e  l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s  o f  a i r c r a f t  a n d  missiles, b u t  t h e i r  u t i l -  
i t y  has  not  been evaluated by comparison with experiment .  
An e f f o r t  h a s  b e e n  i n i t i a t e d  a t  NASA Langley  Research  Center  wi th  the  pr i -  
mary  purpose  of  provid ing  exper imenta l  da ta  on  s imple  wing-body-ver t ica l - ta i l  
con f igu ra t ions  wi th  wh ich  t o  assess l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  e s t i m a t i n g  
techniques  a t  s u p e r s o n i c   s p e e d s .   T h e   l o n g i t u d i n a l   a e r o d y n a m i c   c h a r a c t e r i s t i c s  
o f  t h e  c o n f i g u r a t i o n s  were also r e c o r d e d  d u r i n g  t h e  t es t  program  and  are   included 
i n   t a b u l a r   f o r m .   T h e s e   e x p e r i m e n t a l   d a t a  are p resen ted   a long   w i th   an   a s ses smen t  
of t h r e e  o f  t h e  e x i s t i n g  m e t h o d s  c a p a b l e  o f  e s t i m a t i n g  l a t e r a l - d i r e c t i o n a l  param- 
eters.  The  methods  include a second-order  shock  expansion  and  panel  method 
(MISLIF", r e f .  1 )  , a s l e n d e r  body  and " f i r s t  order"   pane l   method (WAS, ref .  2) , 
and a " h i g h e r  o r d e r "  p a n e l  m e t h o d  f o r  l i n e a r i z e d  s u p e r s o n i c  f l o w  (PAN A I R ,  
r e f .  3 ) .  
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SYMBOLS 
Force  and  mment  da ta  are r e f e r r e d  t o  t h e  body a x i s  s y s t e m  e x c e p t  f o r  l i f t  
and  drag  data   which are r e f e r e n c e d  t o  t h e  s t a b i l i t y  a x i s  s y s t e m .  T h e  moment r e f -  
erence c e n t e r  was l o c a t e d  a t  75 .6   percent   o f   the  body l e n g t h .  The  model was 
designed,  built,  and  the  data  were  reduced  using  the U.S. Customary  Units; 
however,  all  data  are  presented  in the SI Units. 
reference  area,  maximum  cross-sectional  area of body,  0.00456 m2 
aspect ratio 
wing or tail  span  (exposed) , cm 
Drag 
drag coefficient, - 
SA 
Lift 
lift coefficient, - 
Rolling  moment 
rolling-moment  coefficient, 
SAd 
effective  dihedral  parameter  (roll stability'parameter) , 
Pitching  moment 
SA1 
pitching-moment  coefficient, 
Yawing  moment 
SAd 
yawing-moment  coefficient, 
directional  stability  parameter , 
Side  force 
side-force  coefficient, 
SA 
side-force  parameter ,
root  chord 
tip  chord 
body  diameter, 7.62 cm 
z body l e n g t h ,  88.90 c m  
M free-stream Mach number 
M.S. model s t a t ion   (measu red   f rom  nose ) ,  cm 
9 free-stream dynamic   p ressure ,  Pa 
t p a n e l  maximum t h i c k n e s s ,  cm 
01 a n g l e  of a t tack,  deg 
B a n g l e  of s i d e s l i p ,   d e g  
A leading-edge sweep ang le ,   deg  















v e r t i c a l  t a i l  1 , 
v e r t i c a l  t a i l  2, 
v e r t i c a l  t a i l  3, 
v e r t i c a l  t a i l  4, 
v e r t i c a l  t a i l  5, 
v e r t i c a l  t a i l  5 ,  
v e r t i c a l  t a i l  6, 





body m o m  t ed 
wing  mounted w i t h  2-body-diameter spacing 
wing  mounted w i t h  4-body-diameter spacing 
wing mounted with 2-body-diameter spacing 
wing  mounted w i t h  4-body-diameter spacing 
TEST PROCEDURE, MODEL, AND DATA 
Test Procedure  
The i n v e s t i g a t i o n  was c o n d u c t e d  i n  t h e  l o w  Mach number tes t  s e c t i o n  o f  t h e  
Lang ley  Un i t a ry  P lan  Wind Tunnel,  which is a va r i ab le -p res su re  con t inuous -€ low 
f a c i l i t y .  The test  s e c t i o n  is approximate ly  2.1 3 meters long  and  1 .22  meters 
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s q u a r e .   F o r   t h e   p r e s e n t  tests, t h e  Mach number ,   s t agna t ion   p re s su re ,   and   s t ag -  
na t ion  t empera tu re  were as follows: 
I I 
S t a g n a t i o n  
tempera ture ,  K p r e s s u r e ,  kPa 







123.05 1 339 c - . .. . . "  \ 
The nominal t es t  Reynolds number  was 8.2 X 1 O6 per  meter. 
The dew-point temperature measured a t  s t a g n a t i o n  p r e s s u r e  was main ta ined  
below  239 K to  a s s u r e   n e g l i g i b l e   c o n d e n s a t i o n   e f f e c t s .  A l l  tests were con- 
duc ted  wi th  boundary - l aye r  t r ans i t i on  s t r ip s  on  the  body  2 .05  c m  a f t  o f  t he  nose  
and  1.02 an a f t  (measured streamwise) o f  t he  l ead ing  edges  o f  t he  wing  and  t a i l  
s u r f a c e s .  The t r a n s i t i o n  s t r i p s  c o n s i s t e d  o f  No. 60 s a n d   s p r i n k l e d   i n   a p p r o x i -  
mate ly  0.1 57-cm-wide s t r i p s .  
Mode 1 
A two-view ske tch  o f  a t y p i c a l  m o d e l  c o n f i g u r a t i o n  is shown i n  f i g u r e  l ( a ) .  
The body c o n s i s t e d  o f  a 3 . 5  c a l i b e r  t a n g e n t  o g i v e  n o s e  f o l l o w e d  by a c y l i n d r i c a l  
s e c t i o n  w i t h  a n  o v e r a l l  f i n e n e s s  r a t i o  o f  11.67. The  wings   and   ver t ica l  t a i l s  
were removable t o  permit 'a wide v a r i a t i o n  o f  model c o n f i g u r a t i o n s  to  be t e s t e d .  
Four  of  the  conf igura t ions  had  a v e r t i c a l  t a i l  mounted  on  the  body,  and  the t w o  
o t h e r  c o n f i g u r a t i o n s  h a d  v e r t i c a l  t a i l s  m o u n t e d  a t  t w o  spanwise  loca t ions  on  the  
wings .   De ta i l s  of t h e  v e r t i c a l  t a i l s  are g i v e n  i n  t a b l e  I a n d   f i g u r e  1 (b)  and 
t h o s e  o f  t h e  w i n g  i n  t a b l e  I a n d  f i g u r e  1 ( c ) .  The l e a d i n g  a n d  t r a i l i n g  e d g e s  of 
t h e  t a i l s  and  wings were s h a r p  wedges  having t o t a l  ang le s  measu red  in  a p l a n e  
perpendicular  t o  the  edges  of  24O and 20°, r e s p e c t i v e l y .  The two spanwise loca- 
t i o n s  f o r  t h e  ' w i n g  m o u n t e d  t a i l s  a r e  a l s o  shown i n  f i g u r e  l (c) . 
Data Measurements  and Correct ions 
Aerodynamic forces and moments on  the  model  were measured by means of a 
six-component e lectr ical  s t ra in-gage  ba lance  which  was housed  wi th in  the  model .  
The ba lance  was a t t a c h e d  t o  a s t i n g  w h i c h  was r i g i d l y  f a s t e n e d  t o  t h e  t u n n e l  
support   system.  Balance chamber p r e s s u r e  was measured by means  of a static- 
p r e s s u r e  or i f i c e  located i n  t h e  v i c i n i t y  of t he  ba l ance .  
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The ang le s  o f  at tack were c o r r e c t e d  f o r  d e f l e c t i o n  of t h e  b a l a n c e  a n d  s t i n g  
due to aerodynamic  loads  and  tunnel-flow  misalignment.  The d r a g - c o e f f i c i e n t   d a t a  
were a d j u s t e d  t o  f r ee - s t r eam cond i t ions  ac t ing  ove r  t he  mode l  base .  
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THEOlU3TICAL METHODS 
MISLIFT: The MISLIFT method  ( re f .  I ) ,  which estimates l i f t - i n d u c e d  pres- 
su res  on  a wing-body combinat ion,  incorporates  t w o  separate a n d  d i s t i n c t  t h e o -  
ries. Spec i f i ca l ly ,   t he   s econd-o rde r   shock-expans ion   t heo ry   o f   r e f e rence  4 i s  
used to  o b t a i n  t h e  l i f t i n g  p r e s s u r e s  o n  t h e  body a l o n e  a t  small a n g l e s  of a t t a c k  
a n d  t h e  l i f t i n g  p r e s s u r e s  i n d u c e d  by a l i f t i n g  s u r f a c e  are e v a l u a t e d  b y  t h e  
n u m e r i c a l   s o l u t i o n  to  t h e   l i n e a r - t h e o r y   i n t e g r a l   e q u a t i o n s  of r e f e r e n c e  5. The 
mumerical s o l u t i o n  o f  t h e s e  e q u a t i o n s  is e f f e c t e d  by t r e a t i n g  t h e  p l a n f o r m  as' a 
p l a n a r  composite of  elemental rec tangles  and  apply ing  summat ion  techniques  t o  
s a t i s f y  t h e  n e c e s s a r y  i n t e g r a l  r e l a t i o n s .  A f u r t h e r  d e s c r i p t i o n  of t h e  t h e o r e t -  
i ca l  method and  compar ison  wi th  exper imenta l  resu l t s  can  be ob ta ined  f rom re f -  
e r e n c e  1. This  method predicts t h e  a e r o d y n a m i c  c h a r a c t e r i s t i c s  for a p lanar -  
t y p e   c o n f i g u r a t i o n .  And, for t h e   p r e s e n t   s t u d y ,   t h e   m o d e l  was taken  t o  be a 
p l a n a r  c o n f i g u r a t i o n  i n  t h e  side v i e w  i n  order to  estimate t h e  l a te ra l -  
d i r e c t i o n a l  c h a r a c t e r i s t i c s .  
APE: The  Aerodynamic   Pre l iminary   Analys is   Sys tem  ( re f .  2)  is a " f i r s t  
o r d e r "  p a n e l  method s o l u t i o n  for l i n e a r i z e d  s u b s o n i c  a n d  s u p e r s o n i c  f l i g h t .  
Angle of attack and s i d e s l i p   s o l u t i o n s   a r e   h a n d l e d   i n d e p e n d e n t l y .  A g e n e r a l  
s lender -body  theory  i s  used t o  represent   body-a lone  effects. The p e r t u r b a t i o n  
v e l o c i t i e s  from the  body are i n c l u d e d  i n  a Woodward " c o n s t a n t  pressure'' a n a l y s i s  
m e t h o d   f o r   t h i n   l i f t i n g  surfaces. I n t e r f e r e n c e  s h e l l s  a r e  used i n  t h e  l i f t i n g -  
s u r f a c e  a n a l y s i s  t o  c a r r y  o v e r  t h e  l o a d  from t h e   w i n g s   o n t o  t h e  body.  The 
l i f t i n g - s u r f a c e  m e t h o d  u s e s  a v o r t e x  s i n g u l a r i t y  of c o n s t a n t  s t r e n g t h  i n  t h e  
chordwise  d i r ec t ion  on  each  of the  p a n e l s  i n t o  which t h e  l i f t i n g  s u r f a c e s  are 
d i v i d e d .  The loads o n  t h e  l i f t i n g  s u r f a c e s  a r e  c a l c u l a t e d  d i r e c t l y  from t h e  
s o l u t i o n  u s i n g  t h e  first-order p r e s s u r e - c o e f f i c i e n t  r e l a t i o n ,  a c c o u n t i n g  for 
o n l y  t h e  p e r t u r b a t i o n  v e l o c i t i e s  i n  t h e  free-stream d i r e c t i o n .  The t o t a l  forces 
and moments are a sum of t h e  s l e n d e r - b o d y  a n d  l i f t i n g - s u r f a c e  s o l u t i o n s .  
PAN A I R :  The PAN A I R  p i l o t  code ( re f .  3)  is a "h igher  order" panel  method 
s o l u t i o n  for  l i n e a r i z e d   s u b s o n i c   a n d   s u p e r s o n i c  flow. Combined source and 
d o u b l e t  p a n e l s  w i t h  l i n e a r l y  v a r y i n g  s o u r c e  a n d  q u a d r a t i c a l l y  v a r y i n g  d o u b l e t  
d i s t r i b u t i o n s   c a n  be used. The q u a d r i l a t e r a l   p a n e l s   f o r m e d  from a r e c t a n g u l a r  
a r r a y  of i n p u t  p o i n t s  are e a c h  d i v i d e d  i n t o  e i g h t  t r i a n g u l a r  f l a t  s u b p a n e l s  i n  
such  a way t h a t  a l l  p a n e l  e d g e s  are cont iguous  w i t h  a d j a c e n t  p a n e l s .  Q u a d r a t i c  
d o u b l e t  d i s t r i b u t i o n s  o v e r  each t r i a n g u l a r  s u b p a n e l  a r e  prescribed, l e a d i n g  t o  
a c o n t i n u o u s  p i e c e w i s e  q u a d r a t i c  d o u b l e t  s t r e n g t h  o v e r  t h e  e n t i r e  c o n f i g u r a t i o n .  
The source s t r e n g t h  is n o t  r e q u i r e d  to be cont inuous and a l i n e a r  l e a s t - s q u a r e  
t y p e  o f  d i s t r i b u t i o n  is used. 
This method allows a w i d e  v a r i e t y  of s ingu la r i ty  and  boundary -cond i t ion  
formula t ions  to  be specified inc luding  both  chord  p lane  and  surface p a n e l  model- 
i n g   o p t i o n s .   F o r   " t h i c k "  body type of s o l u t i o n s  a common approach is to use  
combined source and doublet  panels  with a p e r t u r b a t i o n  p o t e n t i a l  b o u n d a r y  c o n d i -  
t i o n   c o r r e s p o n d i n g  t o  zero  normal  mass f l u x   t h r o u g h   t h e   s u r f a c e .  For " t h i n "  
wings ,  th ickness  effects can be c o n s i d e r e d  to  be secondary  and  doub le t s  a lone  
can be u s e d  o n  t h e  l i f t i n g  s u r f a c e s  to s a t i s f y  z e r o  n o r m a l  mass f l u x  t h r o u g h  t h e  
s u r f a c e .  A combinat ion of t h e s e  t w o  approaches was u s e d  i n  t h e  p r e s e n t  applica- 
t ion:   combined  source and d o u b l e t  p a n e l s  were used  o n  t h e  body and   doub le t  
p a n e l s  were used   on   the   wings   and   ver t ica l  t a i l s .  I n  t h e  c o n t e x t  o f  small- 
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perturbation solution, a dist inction between zero normal  mass flux and zero 
normal velocity flux can be  made.  Based  on previous experience (ref. 6 )  , the 
formulation corresponding t o  zero normal velocity flux was used on t h e  body and 
that  corresponding to  zero normal mass flux was used on the wing and t a i l  sur- 
faces. Also w i t h i n  the  context of the small-perturbation solution, compressibil- 
i t y  axes can be defined which  are not aligned w i t h  free-stream direction. I n  
a l l  of the results presented, however, compressibility axes were aligned w i t h  
the f ree-stream  direction. 
The forces and  moments are calculated by integrating the pressure coeffi- 
cient over the surface. The isentropic pressure relation was used to  calculate  
the pressure coefficient from the total  velocity.  
DISCUSSION 
The experimental longitudinal characteristics are presented i n  table 11. 
The experimental lateral-directional stability data are presented i n  figures 2 
t o  5. The comparisons of experimental and theoretical  lateral-directional sta- 
b i l i t y  parameters a t  cx = Oo are  presented i n  f igure 6 for  the  various  configu- 
rations. A s  was previously noted, MISLIFT is a planar solution and, therefore, 
only configurations which have l i f t i n g  surfaces i n  a single plane could be 
analyzed by t h i s  method: however, both the APAS and PAN A I R  codes could be used 
to  analyze complete configurations. The B ,  BW, and BWVl configurations  are 
shown i n  f igures   6 (a)   to   6 (c) .  The theoretical  estimates of Cy and C l  show B B 
f a i r  t o  good agreement w i t h  the experimental results, except for of the 16 
BWVl configuration ( f i g .  6 ( c ) )  a t  M = 2.86, which probably resul ts  from the 
scat ter  of experimental data as shown i n  f igure 2(c) .  Fair  agreement is shown 
for (2% for  either MISLIFT or PAN A I R .  Both MISLIFT and PAN A I R  show a vari- 
ation of a l l  parameters w i t h  Mach number, whereas APAS, which is based on a 
slender-body theory for the body effects ,  does not show t h i s  variation w i t h  
Mach  number for the B or BW configuration b u t  does show a variation w i t h  Mach 
number for  the BWV1 configuration. The APAS results for the BW configuration 
are the same as the results for the B configuration, and indeed the experimental 
data show l i t t l e  e f f e c t  of addition of the wing a t  = Oo. The body-vertical- 
t a i l  configurations are shown i n  figures 6 ( d )  t o  6 (9) .  Fair  to  good canparisons 
are made for and C for a l l  configurations w i t h  only s l i g h t  differences 
among the  three  theories.  Fair  to good agreement i n  C is shown for MISLIFT . .  "
16 
"B 
and PAN A I R ,  except for BV3 ( f ig .  6 ( f ) ) .  T h i s  exception is probably due to the 
increase i n  manent  arm which  tends t o  magnify any error i n  the side force or 
center-of-pressure  location. Canparisons for  the wing-mounted ver t ica l - ta i l  
configurations are shown i n  figures 6 ( h )  t o  6(k). Fair to good agreement i s  
shown fo r  a l l  parameters for PAN A I R .  
Since the results from MISLIFT and APAS are invariant w i t h  angle of attack, 
only the results from PAN A I R  are used for comparisons of the s t a b i l i t y  param- 
eters at angles of attack. These comparisons are  shown i n  f igure 7 for the vari- 
6 
I 
I ous c o n f i g u r a t i o n s .  I t  s h o u l d  be n o t e d  t h a t  t h e  t h e o r y  is  v i o l a t e d  a t  M = 2.86 f o r  01 & 5O. O v e r a l l ,  t h e  r e s u l t s  are q u i t e   g o o d ,   e x c e p t   f o r   t h e  Bwv6-2d and 
B w g - 4 d   c o n f i g u r a t i o n s   ( f i g s .   7 ( f )   a n d   7 ( g ) ) .  The d i f f e r e n c e  may b e   a t t r i b u t e d  
to  t h e  i n a b i l i t y  of the program to  account  for t h e  p r e s e n c e  o f  v o r t i c e s ,  etc. 
CONCLUDING REMARKS 
An e f f o r t  h a s  b e e n  i n i t i a t e d  a t  NASA Langley Research Center  to  assess t h r e e  
ex i s t ing  me thods  of e s t i m a t i n g  l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  a t  
s u p e r s o n i c  s p e e d s .  The p r e d i c t i o n  m e t h o d s  i n c l u d e  a second-order   shock  expansion 
and  panel  method  (MISLIFT), a s l e n d e r - b o d y  a n d  " f i r s t  order" panel  method ( A P A S ) ,  
and a "h ighe r   o rde r "   pane l  method f o r  l i n e a r i z e d  s u p e r s o n i c  flow (PAN A I R ) .  The 
resul ts  l e a d  t o  t h e  f o l l o w i n g  c o n c l u d i n g  remarks: 
1 .  PAN A I R  g e n e r a l l y  p r o v i d e s  a c c u r a t e  p r e d i c t i o n s  a t  modera te  angles  of 
a t t a c k  for comple t e  conf igu ra t ions  w i t h  e i t h e r  s i n g l e  or t w i n  v e r t i c a l  t a i l s .  
2. APAS w i l l  p r o v i d e  f a i r l y  a c c u r a t e  p r e d i c t i o n s  a t  z e r o  a n g l e  of attack 
for c o m p l e t e  c o n f i g u r a t i o n s  w i t h  e i t h e r  s i n g l e  or t w i n  v e r t i c a l  t a i l s .  
3. MISLIET w i l l  o n l y  p r o v i d e  estimates for t h e  s i m p l e s t  b o d y - v e r t i c a l - t a i l  
c o n f i g u r a t i o n s  a t  z e r o  a n g l e  of at tack.  
Langley  Research  Center  
Na t iona l  Aeronau t i c s  and  Space  Admin i s t r a t ion  
Hampton, VA 23665 
June   9 ,  1981 
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TABLE I1 .- LONGITUDINAL STABILITY CHARACTERISTJCS 
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TABLE 11.- Continued 
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M = 1.60  I M = 2.00 M = 2.86 
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BV4 c o n f i g u r a t i o n  











"0933  -4.74 -. 1 845  .2767 -.1347 
-.0421 I -2.67  .0993 ~ .2647 1 "0780 
-.0119 -1 .65 , -.0564 
.0138 ' -.63 I -.0138 
.0398 I .40  ' .0086 
.0674  1.43 . o m  



























10.1  7 
-.2357 


















-.1214 -. 0606 -. 0331 







-6.98  -9.1712  .7011  0.061 6 I -6.1 0 , -6.7854 1 .2248 
-4.58 -6.0535 1.0754 ~ 
-2.17 -2.8960 ' .7390 
-.98 -1.4036 .6734 
.19 -. 0586 .6479 
1.38  1.4335  .6683 , 
2.57  2.9442  .7411 




















10 .23  
-4.2400 




























-6.98 ! -4.77 
2.55 1 11.46 






























TABLE 11.- Continued 
r 
M = 1 .60 M = 2.86 M = 2.00 
a, deg 
BWV5-4d configuration 
Cm CD CL a ,  deg Cm CD  CL a I  deg cm  CD  CL 
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( a )  Two view sketch of model B W 1 .  
Figure 1 .- Details of model. All linear dimensions are i n  centimeters. 
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(b) Details of ver t ical  ta i ls .  
Figure 1 .- Continued. 
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M. S. 
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Cente r  l i ne  o f  b o d y  
(c) Details of wing  wi th  spanwise  loca t ions  of V 5  and v6 i n d i c a t e d .  V 5  and v6 
c a n  b e  i n s t a l l e d  a t  e i ther  l o c a t i o n .  
F igure  1 .- Concluded. 
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Figure 2.- Effect of various components on la teral-direct ional  
s tab i l i ty   charac te r i s t ics .  
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(b) M = 2.00. 
Figure 2. - Continued. 
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(c) M = 2.86. 
F igu re  2 .- Concluded. 
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Figure 3.- Effect of various  vertical  tails on lateral-directional  stability 
characteristics. 
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F i g u r e  3.-  Continued.  
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Figure 3 . -  Concluded. 
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Figure 4.- Comparison  of half-size  wing-mounted  vertical  tails  and  single 
body-mounted  vertical tail. 
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(b) M = 2.00. 
Figure 4.- Continued. 
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(c) M = 2.86. 
Figure 4.- Concluded. 
27 
. a  
.6 
. 4  
cnP 






- _  6 . a  -6 - 4  a 









Figure 5.- Comparison  of full-size wing-mounted vertical  tails  and  single 
body-mounted vertical tail. 
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Figure 6 .- Comparison of experimental and theoretical  lateral-directional 
stability  characteristics at CY = Oo. 
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Figure‘  6 .- Continued.  
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Figure  6 .- Concluded. 
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Figure 7.- Comparison  of  experimental and theoretical lateral-directional stability 
characteristics at angle of attack. 
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Figure 7.- Continued. 
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(c) BWV1 configuration. 
Figure 7.- Continued. 
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(d) BWV5-2d configuration. 
Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Concluded. 
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